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Abstract: Ground and surface water quality can be affected by three different forms of pollution, which are chemical,
biological and physical pollution. These polluting factors can influence natural environment and human health.
Nitrates in soil and ground water generally moves relatively sow and there is approximately 20 years lag time
between the detection of the pollutant and the pollution activity in ground water. For that reason, it is assumed that
nitrate concentration can continueto affect current polluting activitiesfor several decades. In thisstudy, groundwater
pollution originated from agricultural activitieswereinvestigated in Gimiiphacykdy urban area. The concentrations
of nitrate (NO5") in groundwater of Gumuphacykody Plain range from 0-15.61 mg/l, nitrite (NO,’) 0-0.007 mg/l and
ammonium (NH,") 0-0.5 mg/l. However other chemical parameters such as pH, EC, TH, Ca*?, Mg*?, Na', K*,

HCOjy, CI', SO, and F were measured.

K ey words: Ammonia, contamination, ground water, Gimiiphacykdy Plain, nitrate, nitrite.

I ntroduction

Ground water is the only source for drinking water and
domestic use in many parts of the world. Groundwater
pollution, originated from human activities and
urbanization reduces the supply of potable and safe
drinking water and threat public health. ThereisNO3-N
in ground water naturally, but it can be harmful to the
environment and human health at high concentrations
(Harrison, 1992). Unlike water from wells of public
systems in urban areas, private residential wells are not
systematically observed and analysed for pollution.
Septic tank and wastewater pond uses, atmospheric
deposition, disposal of wastes, industrial wastewater
discharges and especially animal farming and agricultural
fertilizer applications are the main sources of ground and
surface water contamination (Aelion and Conte, 2004).
Nitrate from such sources can be infiltrated into surface
and groundwater systems via runoff and infiltration
(Limbrick, 2003).

The most common contaminant in ground water is
dissolved nitrogen in the form of nitrate (NOg’), owing

to its high water solubility. This contaminant becomes
increasingly widespread dueto agricultural activitiesand
disposal of sewage on the land surface. Although NOg
is the mgjor form in which nitrogen occurs in ground
water, there is also dissolved nitrogen in the form of
ammonium (NH,"), ammonia (NHj), nitrite (NO,),
nitrogen (N,) and organic nitrogen (Freze and Cherry,
1979). A decrease in the redox potentia of the ground
water can, in some situations, contribute denitrification,
aprocessinwhich NO;™ isreduced to N,O or N,. There
are these reaction products in the ground water as
dissolved species. From agroundwater-quality viewpoint,
denitrification is a desirable process. Raised
concentrations of dissolved N, and N,O are not
detrimental to drinking water. In contrast, NO;™ at
concentrations above 45 mg/l renders water unfit for
consumption by human infants (Freze and Cherry, 1979).

Nitrate in ground water generally originates from
nitrate sources on the land surface, in the soil zone, or in
shallow subsoil zones where nitrogen-rich wastes are
buried. In some situations, NO5™ that enters the
groundwater system originates as NO3 in wastes or
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fertilizersapplied to theland surface. In other cases, NOy
originates by conversion of organic nitrogen or NH,,
which occur naturally or are introduced to the soil zone
by human activities. The process of conversion of organic
nitrogen to NH,~ is known as ammonification. Through
the process of nitrification, NH," is converted to NO;
by oxidation (Freze and Cherry, 1979).

In ground water and surface water, the nitrate is
normally at low level, but it can reach high concentration
as aresult of lechate originated from human or animal
wastes and agricultural runoff (World Health
Organization, 1998). Groundwater pollution by nitrates
is a worldwide problem mainly associated with the
excessveuseof fertilizersinintensive agriculture (World
Health Organization, 1985; U.S.EPA, 1993). Previous
studies showed that rural land uses, especially agricultural
applications, can lead nitrate to ground water. Non-
agricultural sources of nitrogen, such as septic systems,
waste water ponds and leaking municipal sewers, are
generally lessimportant regionally but may affect ground
water locally (Hudak, 1999; Fetter, 1999).

Groundwater pollution can result in poor drinking
water quality, loss of water supply, high clean-up costs,
high costsfor alternative water supplies, and or potential
health problems (Nas and Berktay, 2006).

The dominant nitrogen species in ground water is
nitrate (NOy), then to a lesser extent ammonium ion
(NH,"). Agricultural applications containing the use of
fertilizers consisting of nitrogen, cattle feeding operations
and the cultivation of the soils are significant sources of
pollution. The main health effects associated with
pollution by nitrogen compounds are
methemoglobinemia, atype of blood disorder in which
oxygen transport in young babies or unborn foetusesis
impaired or the possibility of forming cancer-causing
compounds after drinking polluted water (Domenico and
Schwartz, 1990).

Ground water serves as a significant source of fresh
water al over the world, supplying water for domestic,
industrial and agricultural use. Ground water ispreferable
owing toitslower cost and higher quality where surface
water use is diminishing because of contamination by
industrial plants and its restricted use in drought periods
(Sakiyan and Yazycydgil, 2004).

Becausethe concept of safeyieldignoresthe discharge
from the aquifer by evapotranspiration or into streams,
groundwater management policies based upon it ended
up with some unintended conseguences, such as drying
up of streams and springs with loss of ecosystems,
contamination of groundwater by polluted streams and
when withdrawal s exceeded the recharge on a continual

basis, eventual depletion of the aguifers (Sophocleous,
1997, 2000 and Bredehoeft, 1997).

There have been reports of groundwater contamination
in many aquifers throughout the world and avery wide
range of pollutants have been recognized, including N
species, heavy metals, phenols, pesticides, major
inorganic speciesand bacteria. Nitrate (NO;') isthemain
form of N which occursin groundwater and isbecoming
increasingly widespread because of agricultural activities.
This has happened in several places in the world,
including Turkey (Sakiyan and Yazycygil, 2004).

Although the history of geological and hydrogeologic
investigations in the Gimuphacykdy Plain dates back to
1893, the first detailed report named “Hydrogeologic
Report of the Artesian Wells in the Merzifon-
GUmuphacykdy Plain” was prepared by Dr. Recep
Egemen in 1955. The critics of the former wells,
evaluation of drilled wells, geologic and hydrogeol ogic
properties of the aquifer were elaborated in this report.
The groundwater reservoir was calculated as 124 x 10°
mSlyear. Moreover, the study suggeststhedrilling of new
wellsandtaking the control of artesianwells(DSI, 1973).

According to the study named “Brief Information
about the Merzifon-GlmUiphacykoy Groundwater” carried
out by Tufan Subapy in 1967, discharge of the artesian
wells was calculated as 5.2 x 10 m®/year and detailed
hydrogeol ogic studies were suggested.

Thereport named “ Irrigation from groundwater of the
Merzifon-Gumuiphacykdy Plain” was prepared by the
State Hydraulic Works in 1973 (Altud and Ertudrul,
1973). According to this report groundwater reservoir
was calculated as 25 x 10° m%year and the report
indicates that 4600 hectares could beirrigated with 151/
sec - 160 wells (DS, 1973).

On a large part of the Gumiphacykoy Plain
(AMASYA) irrigated agriculture is carried out and
fertilizers are applied. The ground water is extracted by
wellsdrilled in the alluvium of the Gimuphacykdy Plain
to meet municipal, industrial and other water
requirements. The ground water of the plain has been
polluted by agricultural activities, irrigation channelsand
domestic waste water. Groundwater pollution in the
alluvium aquifer of Gumuphacykdy was investigated
during aone-year study from July 2003 to August 2004.
The aim of the study was to evaluate the characteristics
of thegroundwater chemistry and pollution of the aquifer
of the GUmuphacykoy Plain. Detailed analysis on the
hydrogeology and hydrogeochemistry of the
investigation area was produced within the framework
of the study. In this paper, the characteristics, distribution
and variation of the NO;", NO, and NH," pollution are
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presented based on 2003 and 2004 data using Geographic
Information System (GIS) technology.

GISApproah

Geographicd Information Systems (GIS) areinformation
systems gathering, storage and analysis of spatial data
as awhole (Yomralyodlu, 2002) and GIS is a powerful
tool with great promisefor usein environmental problem
solving. Most environmental problems have an obvious
spatial dimension and spatially distributed models can
interact with GIS (Goodchild et d ., 1993). For that reason,
GIS plays a very important role in data management
applications. Because there are alot of datain planning
and operation stage in many management programmes,
GIS applications are very significant in water
management.

A simple GIS-linked model for groundwater nitrate
transport in the GIS environment was developed by
Lassere et al. (1999).

Lee et a. (2003) developed statistical models for
groundwater quality using GIS. The NOj;-N
concentrations were higher in shallow wells (less than
40 m) than in deep wells (deeper than 40 m) in both dry
and rainy seasons.

Babiker et al. (2004) focused that groundwater
pollution by nitrateis closely related to one specific land
useclass, the*vegetablefields’. Thenitrate concentration
in ground water under vegetable fieldswas significantly
higher than that under urban land or paddy fields.

General Propertiesof Sudy Area

Gimiphacykdy Plainislocated in the western part of the
Amasya city and northern part of Turkey. The plain is
about 65 km far from city of Amasya. The plain covers
an area of about 126 km?, and recharge area of the
Gumiiphacykdy Plain is 1050 km?. Figure 1 shows the
location of the study area. The plain is a generaly flat
area with low rolling hills in the eastern part of
Gumiphacykdy. However, the plain is morphologically
mountainous in the southern and northern parts of
GumUphacykdy. Ground water is supplied to wells and
springs by two principal aquifers. The tuff, tuffite,
agglomerate and vol canic lavadiffer from sand, clay and
gravel in topographical shape. The neogene field was
eroded by the river and flood waters and as a result it
turned out to have awavy structure. The volcanic field
has amore flat shape with respect to Neogene.

The drainage system in the plain is affected by the
tectonically structure. It is observed that GUmujpsuyu
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Figure 1: Location map of the study area

River, Koseler River, PahaRiver and M Ujrdf River follow
fault lines.

The unit containing ground water is made up of
Quaternary alluvium and Pliocene clay, sand and gravel.
Therechargein the areatakes place through therain and
theinfiltration of surface flow while the discharge takes
place through wells and springs. Dry climate conditions
are dominant in the plain. Based on the data of the
Merzifon Meteorol ogical Station for the period of 1965-
2000, the average annual precipitationis 409 mm, while
the average temperature is 11.25°C and average
evaporation is 751.75 mm (DS, 1973).

During the last 20 years, industry and agricultural
activities have been developing at an accelerated ratein
GUmiphacykdy Town. The main industriesin the region
are sugar-beet processing, sunflower processing, textile
and wood products. Agricultural activities in the town
are quite intensive. The crops grown in the plain are
grains, sugar-beet, sunflower, onion, potato, poppy,
maize, vegetables and fruits.

Geologic Setting

In the area studied, the Paleozoic metamorphic suit is
the oldest formation. This unit consists of clayey schist,
chlorite schist, and green schist, marble and recrystallized
limestone. Thejurassic limestone, with fossilswhich are
generally compact and overlie uncomfortably
metamorphic suit in the plain are situated in the area.
Cretaceous limestone, pinky coloured, very hard,
recrystalized and very fissured, overlies Jurassic
limestone. Cretaceous limestone outcrops on the high
atitudes in the plain. The flysich series with mixed
volcanic material composed of conglomerate, green and
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black sandstone, shale, marl, limestone, andesite, tuff and
tuffite are deposited in the Upper Cretaceous. Senozoic
started with the Eocene flysich in the study area. Flysich
consists of sandstone, shale, sandy limestone, marl,
locally conglomerate, tuff and agglomerate. Catchment
area was filled with continental material of 1000-1500
m thickness affected by east-west el ongated faultsin the
Neogene. Thesethick series consist of Miocene blue clay
and marl on the lower part; Pliocene sand, clay, gravel
and a mixture of these on the upper part. The layer
thickness ranges from 10 to 50 cm in these series. The
silty and clayey layers are light brown and yellowish;
gravely and sandy layersaregreyishin colour. Thelayers,
very loose, are not continuous and change its lithology
in short distances. Thisunit gradually gets harder asone
goes deeper and it turns out to be conglomerate. Of the
gravelsabout 5-10 cmin diametersthere are someblocks
which are 50 cm. 95% of these gravels and blocks are
generally rounded and are composed of volcanic material.
The quaternary is characterized by the aluvium and the
alluvium cone consisting of detrical material that comes
from north and south with the flood waters. Alluvium
cone, of 10-60 m thickness and take form gravel, sand,
clay and mixture of these, form along the Gimupsuyu
River, Koseler River, Corak River and Salhan River. A
simplified geological map of the study areais shown in
Figure 2 (DSY, 1973).

Hydrogeol ogy

The most important geological units for groundwater
transport in GUmuphacykoy Plain are Quaternary alluvium
and Pliocene clay, sand, gravel and mixture of these. It
is seen that the distinguishing of Pliocene series and
Quaternary alluviumisvery chalenging when thedrilling
cores in the plain are observed, as these two units have
same lithologic features. The plio-quaternary aquifer is
unconfined at high altitudes in the north and west, but
confined at |ow altitudes. The other rocks underlying the
alluvium do not bear significant amountsof ground water.

Because the area between the northeast of the plain
and the Merzifon Cone is composed of clay and marl
layers, there is no ground water. The alluvium cone
composed of coarse grained and dry rivers coming from
the north and gathered by the river in front of the fault
line is very important in terms of the groundwater
transport. Thethicknessof plio-quaternary loose material
rangesfrom 20 to 150 minthisarea. The aquifer around
Gimiphacykdy consists of gravel of great size, clay and
clayey gravel and itsthicknessrangesfrom 50 to 350 m.

The wells used to supply water for various purposes
(municipal, industrial and irrigation) have been drilled
inthealuvium aguifer. During thefirst phase of the study,
in July 2003, 16 wells were identified and
hydrogeological data were collected. 32 wells were
studied in August 2004 in the second phase. The depth
of the wells range between 50 m (minimum) and 290 m
(maximum), discharge rates between 5 and 60 |/sec.
Presently, new wells are till being drilled and operated
by the State Hydraulic Works Samsun City, as the water
reguirements of the city constantly increase. Moreover,
private owners around the city also operate a number of
groundwater wells. Groundwater levels have been
measured in April and October from 1976 till today. The
levels change between 0 and 56.11 m below the ground
surface. Average water level fluctuations were about
2-3 m between dry and wet seasons. The general
directions of the groundwater flow are from northwest
to southeast.

Groundwater recharge in the GUmiphacykdy Plainis
through the infiltration of precipitation and influent
surface water (GUmip River and Koseler River) and
irrigation channels. Domestic wastewaters of the town
infiltrate into the aguifer and contaminate the ground
water.

M ethodology

In the study, groundwater samples were collected from
the wells in GUmiphacykdy Plain and in-situ
measurements and laboratory analyses were carried out
on the samples. Water samples were gathered from the
wells in polyethylene bottles, and filtered through ash-
free filter paper and split into two parts. This part was
acidified with 5% nitric acid for analysis. pH and electric
conductivity (EC) were measured in the laboratory, and
temperature of the waters were measured in-situ using
portable instruments.

Major cations (Ca?, Mg*?, Na', K*), anions (HCOy,
Cl, SO,?), NH,*, NO, and NO;™ analyses of the
groundwater samples were determined by titration in
State Hydraulic Works Quality Control Laboratory.

A vector-based GI S software package ArcGIS8.3was
used to map query and analyze the datain thisstudy. The
well locations were obtained for 49 wells spreading all
over the region by using Garmin hand held Global
Positioning System (GPS) receiver. GPS technology
proved very useful to increase the spatial accuracy of the
various data integrated in the GIS. In addition, attribute
information of thelayerswasasoinputinthedatadigital
map using ArcGI S 8.3 software.
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Hydrogeochemistry

The well waters of the Gimiiphacykdy Plain have been
used for municipal, industrial and irrigation purposes.
Totally 49 well water samples are studied in the plain.
35 water samples are used for irrigation and industrial
while 14 water samples are used for drinking purposes.

The pH values of al samples range between 6.8 and
9.9. pH value of theKegikdy drinking water (well number

Arzu Firat Ersoy, Hakan Ersoy and Fatma Gltekin

14) is6.9 and thisvalueisbelow the standards of Turkish
Drinking Waters. pH values of the other drinking water
samples are situated between the standard values. EC
values change between 439 and 1276 uS/cm. Total
hardness values of the samples range between 2.5 and
57.75 according to the French Hardness and change
between “very soft” and “very hard” water types. pH,
EC and TH values are shown in Table 1 and chemical
analyses results are shown in Table 2. Between 22,013

Table 1: pH, EC and Total Hardness value of the samples

Well number 22013 17156 53060 52990 53055 20099 22191 23 53806 20175 4 14581 14583
pH 6.9 8 79 8 73 72 69 74 72 76 714 74 7
EC x 10° (25 °C) 724 729 601 546 596 617 979 723 659 509 638 587 1276
TH 36.75 2325 265 22 2875 295 4725 3125 285 225 3075 28 57.75
Well number 14584 2 19308 28798 30714 52424 52425 22160 22163 20852 20850 53030 32
pH 71 68 69 7 99 87 79 82 82 8 82 77 74
EC x 10° (25 °C) 915 646 745 646 551 653 1224 950 755 560 540 640 918
TH 3875 3075 355 315 25 209 3555 3275 2915 219 1935 254 412
Well number 33995 66 18743 50362 53054 52989 45472 57919 7216 47 25 39 100
pH 74 73 72 69 7 69 72 7 73 82 81 74 713
EC x 10° (25 °C) 632 704 796 755 612 827 551 816 571 1122 714 694 643
TH 329 352 3715 414 3385 427 2915 4195 27.65 3505 2745 3495 324
Well number 101 102 103 27 64 28 14 16 5 17

pH 72 74 71 74 75 71 69 73 71 73

EC x 10° (25 °C) 665 620 714 598 612 673 476 683 479 -

TH 3495 3245 3895 3745 324 339 3665 249 3715 251

Table 2: Chemical analyses results of the water samples

Well number 22013 17156 53060 52990 53055 20099 22191 23 53806 20175 4 14581 14583
Ca*? 912 581 691 581 772 822 1333 792 731 631 832 842 1473
Mg*? 34 213 225 182 231 219 34 28 249 164 243 17 511
Na" 209 699 209 2691 161 17.04 2898 34.96 28.98 23 11.96 14.03 42.09
K* 195 234 156 156 078 156 312 156 117 117 156 117 507
HCO, 373 2475 225 320 245 245 385 270 275 220 2825 220 445
cl 14 199 213 156 199 128 4 99 185 114 994 99 604
S0,? 109.4 1075 739 394 485 682 888 1022 466 389 374 749 1397
NH,* 0 0 0 0 0 0O 005 01 015 015 005 04 005
NO, 0 0 0 0 0 0 0 0 0 0 0 0 0
NO; 463 303 536 293 507 49 1313 554 323 517 262 588 1561
Well number 14584 2 19308 28798 30714 52424 52425 22160 22163 20852 20850 53030 32
Ca'? 892 928 1042 882 4 36 57 50 75 54 47 55 100
Mg+ 401 195 231 231 36 286 511 486 249 201 182 28 389
Na" 4209 1311 19.09 11.04 1063 59.11 126.04 69.92 41.86 299 37.3 3105 49.91
K* 312 624 234 663 078 195 351 117 195 156 351 195 156
HCO, 320 275 2975 3075 215 275 340 3525 2575 245 250 2275 3375
crr 327 128 213 114 185 142 355 483 156 185 142 114 142
S0, 2 112.3 49  69.2 23 149 418 2314 557 998 13 72 758 1565
NH," 0 0 0 0O 03 01 01 01 005 005 005 02 005
NO, 0 0 0 0 0 0.001 0.001 0.004 0.004 0 0 0 0

(contd.)
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Table 2 (contd.)

NO; 1069 405 7.74 385 0
Well number 33995 66 18743 50362 53054
Ca'? 86 78 97 112 104
Mg+ 274 377 31 322 188
Na' 17.94 2392 41.86 23 1311
K* 156 195 195 117 0.78
HCO, 3075 345 3025 3775 2575
cl 114 99 142 71 185
S0, 432 437 1354 734 802
NH,* 0 0 0 005 0
NO, 0 0 0.03 0.001 0.002
NO; 27 475 67 495 93
Well number 101 102 103 27 64
Ca'? 71 62 93 88 80
Mg*? 413 407 377 371 298
Na" 1495 131 19.09 1196 13.11
K* 507 546 312 078 117
HCO, 3725 340 400 3725 3375
crr 71 85 85 71 85
S0, 2 38 58 202 163 29
NH,* 0 0 0 0 01
NO, 0 0 0 0 0
NO; 095 325 005 23 065

113
0.1 73 675 33 305 335 34 455
52989 45472 57919 7216 47 25 39 100
110 84 89 73 55 48 81 77
365 195 413 225 511 371 353 316
391 1311 2208 17.94 101.89 4991 2392 28.98
117 117 195 117 195 195 273 546
310 2325 325 235 38 250 320 375
17 241 156 256 533 213 9.9 9.9
1704 514 1162 427 107 994 66.2 34
0 0 005 005 05 0.05 0.2 0
0 0 0 0.002 0 0.002 0 0
6.25 9 8 735 635 465 18 1.05
28 14 16 5 17
90 101 64 92 73
214 2714 213 34 164
14.03 23 1403 161 1311
15 078 078 117 0.78
310 3075 195 320 225
213 114 8.5 85 114
288 888 691 715 37
0 01 0.05 0 0
0.004 0.001 0.001 0 0.001
2.3 59 4 55 5.1

and 7216 numbered wellsare used for irrigation purposes
while between 47 and 17 numbered wells are used for
drinking purposesin the plain.

Drinking and irrigating water samples are of the Ca-
HCO, water typeaccording to the Piper Diagram (Figures
and 4). All drinking waters have the same properties,
carbonate hardnessbigger than 50%, alkalis and the weak
acids dominate the groundwater (Figure 3). Well waters
used for irrigating purposes have the carbonate hardness
bigger than 50% except the 30,714 numbered wel| water
samples. On thiswater sample, carbonate alkali isbigger
than 50% (Figure 4).

Nitrogen species and phosphate are the major
components of the municipal wastewater and some
industrial facilities. Ammonia, ammonium salts, nitrate
and orthophosphates originate from agricultural and
residential cultivated lands as fertilizers. Nitrate is the
main form of the nitrogen in groundwater. Nitrite is
generally found in low quantities in waters, is unstable
in the presence of oxygen, and occurs as an intermediate
form between ammoniaand nitrate or nitrite and nitrogen
gas (McNedly et al., 1979).

The most serious pollution that has occurred in the
ground water at the Gimiphacykdy Plain as a
consequence of human activities is from nitrogen
compounds (NH,", NO,", NOy). The concentrations of

NH,", NO, and NO; in the alluvia groundwater were
in the ranges 0 to 0.5, 0 to 0.007 and 0 to 15.61 mg/l
respectively. There are 14 well water samples analyzed
asdrinking water from the 49 samplesin the ground water
of the Gumuphacykdy Plain. Nitrate (NO3') values of the
drinking waters did not exceed thelimit of 45 mg/I (TSE,
1986 drinking water standard). Most of the sampleshigh
in nitrite (NO,") and ammonium (NH,") concentrations
and exceeding the limit of 0 mg/l (TSE, 1986 drinking
water standard) were taken from drinking water wellsin
the plain. Nitrite and ammonium values are higher than
the 0 mg/l in Hayrettin, Karatepe, Bulak, Ovabay,
Kegikdy, Cavup, Eymir and Edlemez villages drinking
waters. These wells should not be used for drinking
purposes.

Chemical analysesweredonein 2003 and repeatedin
2004. According to first analyses results the minimum
nitrate concentration is 2.62 mg/l. The maximum
concentration, 15.61 mg/l, was measured for 14,583
numbered well. Average value of the nitrate concentration
dataof 2003is6.12 mg/l in 16 wells. The minimum and
maximum nitrate concentrations are observed to be 0 and
9.3 mg/l with the average value of 4.21 mg/l in 32 wells
according to the 2004 year analyse results.

For the samplestaken from wellsin 2003 and 2004, a
statistical evaluation of nitrate concentrations can be seen
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Figure 3: Piper Diagram of the drinking water sin the Gimiphacykéy Plain.
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in Table 3. It can be seen that in Table 1 none of the 16
wells had a nitrate concentration below 2.5 mg/l by the
year 2003. From 2.5 mg/l to 5 mg/l nitrate concentration
was measured for eight wells out of 16 wellsin 2003. In
addition, between 2.5 and 5 mg/l was observed in the
data from 11 wells in 2004. From 5 to 10 mg/I nitrate
concentrations were obtained from five wells out of 16
wellsin 2003; 12 wells out of 34 wells in 2004. From
10-50 mg/l nitrate concentrations were obtained from
three wells out of 16 wells in 2003 and none of the 34
wells had a nitrate 10-50 mg/I (Figure 5).

A linear regression analysison NO;™ concentration was
applied to determine if well depth (m) and NOg (mg/l)
concentrations are important. Tables4 and 5 show the
resultsof thelinear regression anaysisfor thedistribution
of NOj™ concentration. According to the results,
regression sum of sgquares is 5.994, residual sum of
squares is 338.901, coefficient of determination, R-
squared is 0.017. Equation of the relation between well
depth and NO3™ concentration is Y = - 0.0106259X +
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6.83697. A negative correlation could be expected but
correlation coefficient has very low value. Linear
regression analysis revealed that, but non important,
negative relation between nitrate contentsand well depth
(Figures 6 and 7). Figure 6 shows the relationship
between NO;™ concentration and well depth. According
to this curve there is negative correlation but not
significant.

To determine if well depth (m) and NH,* (mg/l)
concentrationsare significant, alinear regression analysis
was applied on NH," concentration. According to the
analysis coefficient of determination, R-squared is
0.0034. Equation of the relation between well depth and
NH," concentration is Y = 0.000132431X + 0.0427337.
A positive correlation could be expected but correlation
coefficient hasvery low value. Linear regression analysis
revealed that, but non significant, positive relation
between NH,*contents and well depth could be
considered (Figure 7).

Table 3: Satistical evolution of nitrate concentrationsin 2003 and 2004

Nitrate concentrations (mg/l) 2003 2004
Number % Number %
Lessthan 1 0 4 125
From 1-2.5 - 0 5 15.62
From 2.5-5 8 50 11 34.38
From 5-10 5 31.25 12 375
From 10-50 3 18.75 - -
Total number of wells 16 100 32 100
Minimum 2.62 0
Maximum 15.61 9.3
Median 5.015 4.85
Average 6.12 5.04
Standard deviation 3.818 2.74

Table 4: Linear regression analyses results of the NOg concentration

Sum of Sguares df Mean of Square F Sg.
Regression 5.994 1 5.994 0.513 0.48
Residual 338.901 29 11.686
Total 344.896 30
Table 5: Equation of the relations between well depth and NO5™ concentration
Unstandardized coefficients Sandardized Coefficients t Sg.
B S.Error Beta
Constant 6.837 2.012 3.398 0.002
Var. -0.01062 0.015 -0.132 -0.716 0.48
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Figure 6: NO5™ concentration versus well depth.
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Figure 7: NH," concentration and well depth relation.
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Figure 8: Relation between NO,™ concentration
and well depth.

To determine if well depth (m) and NO,” (mg/l)
concentrationsare significant, alinear regression analysis
on NO,™ concentration was performed. According to the
results, coefficient of determination, R-squared is0.2647.
Equation of the relation between well depth and NO,
concentrationis'Y = 1.40783E — 005X + -0.00130224. A
positive correlation could be considered but correlation
coefficient hasvery low value. Linear regression analysis
revealed that, but non significant, there is positive
association between NO,™ contents and well depth
(Figure 8).

Conclusions and Results

The ground water in the alluvium aquifer of the
Gumiiphacykdy Plain has been polluted via agricultural
activitiesand municipal wastewaters. Thewater analyses
from 49 wells in the plain, taken over a 2-year period,
were used to determine the NO;, NH,* and NO,
contamination in the ground water.

Spatial distributions of nitrate concentrations were
evaluated using GIS for the groundwater wells in the
Gumiphacykdy Plain. There was a negative correlation,
but non significant, between nitrate and well depth (R-
squared = 0.017). Linear regression analysis between
NH," and well depth were done and R-squared obtained
as 0.0034. Positive correlation could be considered
between them. According to linear regression analysis
results between NO, concentration and well depth,
positive relation is expected but non significant.

Water quality analyses were done in 2003 and 2004.
pH value of the Kecikdy drinking water is 6.9 and this
valueisbelow the standards of Turkish Drinking Waters.
EC values change between 439 and 1276 uS/cm. Total
hardness values of the samples range between 2.5 and
57.75 according to the French Hardness and change
between “very soft” and “very hard” water types.
Drinking and irrigating water samples are of the Ca-
HCO; water type according to the Piper Diagram. Well
waters using for irrigating purposes have the carbonate
hardness bigger than 50% except the 30,714 numbered
well water sample. On thiswater sample, carbonate alkali
is bigger than 50%.

Therewere 14 well water samplesanalyzed asdrinking
water from the 49 samples in the ground water of the
Gumiphacykdy Plain. Nitrate (NO3) values of the
drinking waters did not exceed thelimit of 45 mg/I (TSE,
1986 Drinking Water Standard). Most of the sampleshigh
in nitrite (NO,") and ammonium (NH,") concentrations
and exceeding the limit of 0 mg/l (TSE, 1986 Drinking
Water Standard) were taken from drinking water wells
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in the plain. There are eight villages where the value of
nitrite and ammonium has exceeded the Turkish standard
in the plain.

Drinking water quality measurements have to be made
more frequently, at six months intervals for instance. It
is essential to monitor the water quality and to take
precautionary stepsif necessary.

Sincethere are so many possibilities, itisoften difficult
to pinpoint sources of nitrate. From the results of this
study, it isbelieved that increasein nitrate concentration
comefrom avariety of factors. Thesefactorsincludethe
location of the wells within the plain, intensive
agricultura activitiesinthevillages of the Gimuphacykoy
Plain, growing industrial activity in the city centre.

The present state of the quaity of the GimUuphacykoy
ground water necessitatestaking sometechnica measures
in order to preserve and improve water quality. The
measures should include: construction of asewer system
extending throughout the Gumuphacykdy urban areato
collect municipal wastewaters, treatment of collected
municipal wastewaters, irrigation channels and septic
tanks, collection and treatment of industrial wastewaters.

Acknowledgements

The authors wish to thank the State Hydraulic Works for
assistance during field studies and permitting to use
laboratory to perform water analyses.

References

Adlion, C. and B. Conte (2004). Susceptibility of residential
wells to VOC and nitrate contamination. Environmental
Science Technology, 38: 1648-1653.

Babiker, 1.S., Mohamed, A.A.M., Terao, H., Kato, K. and K.
Ohta (2004). Assessment of groundwater contamination by
nitrate leaching from intensive vegetable cultivation using
geographical information system. Environmental
International, 29: 1009-1017.

Bredehoeft, J.D. (1997). Safeyield and the water budget myth.
Journal of Groundwater, 35 (6): 929.

Domenico, P. and FW. Schwartz (1990). Physical and chemical
hydrology. John Wiley & SonsInc. New York.

DSY (1973). Merzifon-Giimiiphacykdy Ovasy hidrojeolojik
etiit raporu, Ankara (in Turkish).

Fetter, C.W. (1999). Contaminant hydrogeol ogy. Prentice-Hall,
Englewood Cliffs, New Jersey.

Freze, R.A. and JA. Cherry (1979). Groundwater. Prentice-
Hall, New Jersey.

Goodchild, M.F., Parks, B.O. and L.T. Steyaert (1993).
Environmental modelling with GIS. Oxford University
Press, Oxford.

Harrison, R.M. (Eds) (1992). Pollution: Causes, effects and
control. London: The Royal Society of Chemistry.

Hudak, PF. (1999). Chloride and nitrate distributions in the
Hickory Aquifer, Central Texas, USA. Environmental
International, 25 (4): 393-401.

Lassere, F., Razack, M. and O. Banton (1999). A GIS-linked
model for the assessment of nitrate contamination in
groundwater. Journal of Hydrology, 224: 81-90.

Lee, SM., Min, K.D., Woo, N.C., Kim, Y.J. and C.H. Ahn
(2003). Statistical models for the assessment of nitrate
contamination in urban groundwater using GIS.
Environmental Geology, 44: 210-221.

Limbrick, K. (2003). Baseline nitrate concentration in
groundwater of the chalk in South Dorset, UK. <ci. Total
Environ, 314-316: 89-98.

McNedly, R.N., Neimanis. U.P. and L. Dwyer (1979). Water
Quality Sourcebook—A Guideto Water quality parameters.
Inland Waters Directorate, Water quality branch, Ottowa,
Canada

Nas, B. and A. Berktay (2006). Groundwater contamination
by nitratesinthecity of Konya(Turkey): A GIS perspective.
Journal of Environmental Management, 79: 30-37.

Piper, A.M. (1944). A graphic procedure in the geochemical
interpretation of water analyses. Trans. Amer. Geophys.
Union, 25: 914-923.

Sophaocleous, M. (1997). Managing water resources systems:
Why safe yield is not sustainable? Groundwater, 35 (4):
561.

Sophocleous, M. (2000). From safe yield to sustainable
development of water resources. The Kansas Experience.
Journal of Hydrology, 235: 27-43.

Sakiyan, J. and H. Yazycygil (2004). Sustainable development
and management of an aquifer system in Western Turkey.
Hydrogeology Journal, 12: 66-80.

TSE 266 (1986). Tiirk Yc¢me Suyu Standartlary. Tirk
Standartlary Enstitiisil, Ankara (in Turkish).

U.S. EPA (1993). Well-head protection: A guide for small
communities. Office of Research and Development Office
of Water, Washington, DC.

World Health Organization (WHO) (1998). Guidelines for
drinking water quality. World Health Organization, Geneva.

World Health Organization (WHO) (1998). Health hazards
from nitratesin drinking water. World Health Organi zation,
Regional Office for Europe.

Yomralyodlu, T. (2002). Codrafi bilgi sistemleri; temel
kavramlar ve uygulamalar, 2. Basky, ISBN 975-97369.0-
X, Trabzon (in Turkish).



